The accurate prediction of flight characteristics of hypersonic vehicles is vital during its design stage as well as prior to flight testing to ensure flight safety.
Such a vehicle is expected
to exhibit unprecedented levels of interaction among various disciplines such as structures, aerodynamics, and controls engineering, among others. For complex configurations, it is necessary to implement an efficient discretization procedure for effective and accurate idealization of the vehicle. In this connection, the finite element method proves to be a viable technique to model both solids and fluids continua and therefore is a natural choice for aeroelastic analysis that involves interaction of associated disciplines. The results are presented for a set of parallel aeroelastic analyses pertaining to low Mach numbers within the flight flutter envelope using linear, unsteady aerodynamic theory based on panel methods. This is followed by a number of CFD analyses pertaining to some representative flight conditions within the specified flight flutter envelope. These results are used in an attempt to generate unsteady aerodynamic forces and subsequently the damping characteristics that are indicative of aeroelastic instability. 
DESCRIFrION

OF NUMERICAL TECHNIOUES
where the solution, flux, and body forces column vectors as well as the viscous sa-ess tensor are defined as vf{p puj pE} ( 
in which p, p, and E are the density, average pressure intensity, and total energy, respectively; 8ij is the Kronecker delta; uj is the velocity component in the direction xj of a Cartesian coordinate system; g is the viscosity; k is the thermal conductivity;
and fb represents body forces. The above equations are supplemented with the state equations
for a complete solution, in which T is the ratio of specific heats and Cv is the specific heat at constant volume, such a formulation being valid for a perfect gas. A solution of the nonviscous form of equation (2) A far more elaborate effort is required, however, for the nonlinear case in which the CFD technique yields the unsteady forces. Notable earlier efforts in this area have been based on the finite difference method, 5-7 whereas our approach has been based entirely on the finite element technique. Figure 2 shows a flowchart of the major numerical solution steps adopted in the STARS program to perform nonlinear flutter analyses for complex aerospacecraft.
References 3 and 8 give in detail related numerical formulations in which the generalized equations of motion are cast in state-space form from which a response solution can be achieved easily by using a standard procedure.
A fast Fourier transform produces suchresponsesolution data to obtain the damping value, which is indicative of the degree of aeroelastic instability.T he generalized aerodynamic force vector, f a ( fig. 2) The STARS program has been used to perform nonlinear flutter analysis of the panel with clamped edges, using the CFD and ASE modules of the code. Figure  3 shows the surface grid of the aerodynamic domain around a plate of aspect ratio 2. A free vibration analysis of the vehicle was performed by the STARS program using a block Lanczos algorithm; table I presents a summary of such results, and figure 5 shows some of the mode shapes. Figure 6 depicts the proposed flight envelope of the vehicle, also providing data on flutter analysis points, whereas figure 7 shows the vehicle linear aerodynamic paneling. Tables II and III give details of such analysis results. The Euler analyses were performed for a number of flight conditions, and figures 9 and 10 show vehicle speed and pressure distribution for a typical flight condition, Mach= 5.6 and ¢x = 0. 
